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Foreword
Several studies including the Braidwood Commission report, the Report of the Standing Committee on Public Safety and National Security of the Conducted Energy Weapon, the report of the Commission for Public Complaints against the RCMP and other provincial reports and coroners' recommendations have discussed the need for reliable uniform testing of Conducted Energy Weapons (CEWs) independent of the manufacturer.
This Test Procedure will enable organizations across Canada to test CEWs in a reliable, repeatable manner to determine whether they are operating within manufacturer's specifications. Test results so obtained will be usable in various ways.
The CEW inventory of a given police service can be tested on acceptance and regularly thereafter to ensure all issued weapons are functioning as intended.
Any CEW involved in an incident resulting in personal injury will be able to be tested after the incident to reliably determine its operating parameters.
All data collected from weapons tests across Canada will be known to be reliable and comparable. As a result, new data will be able to be added to the growing body of knowledge concerning CEW operation over time so that future research may be able to determine trends in age or other factor related changes in performance
This document contains a set of recommendations for measurement of the performance characteristics of conducted energy weapons. It represents the opinions of its authors (Section 8.0), a group of subject matter experts who have been involved in research on or testing of CEWs, and is subject to the disclaimer presented in 0.0.
None of the authors has any financial or personal interest in TASER International or any other CEW manufacturer. Several of the authors have discussed weapons testing with staff from TASER International.
The authors grant permission to copy, distribute, and adapt this work on the condition that the adapted work cites this document (under the creative commons attribution licence).
Purpose and Scope
Purpose
The CEW Test Procedure:
Establishes a methodology by which testing facilities and personnel across Canada will be able to test CEWs and determine whether they are operating within manufacturers' specifications,
Defines data collection requirements so that data collected during the testing of any CEW in Canada may be used in forensic analysis of that weapon and may also be added to a central data base for future research and data mining programs,
Scope
This Test Procedure is meant for use with Conducted Energy Weapons that have the following characteristics:
They are hand held They use a pulse or pulse train to deliver electrical energy to the target They are meant to function by causing temporary human electro-muscular incapacitation
Definitions
Pulse A short discharge of electrical energy Peak Voltage Peak of the voltage waveform for the pulse Peak Current Peak of the current waveform for the pulse
Net Charge
The integral of the value of the current waveform for a specified portion of the pulse
Monophasic Charge
Total Charge
The maximum of the absolute values of A and B, where A = the integral of all positive current in a pulse, and B = the integral of all negative current in a pulse.
The integral of the absolute value of the current waveform for the full pulse duration Burst Length Time from the first pulse to the last pulse for a single firing of the CEW
Pulse Duration
Pulse Repetition Rate
The time between the points at which the voltage waveform crosses through a specified start point voltage to a specified end point voltage.
For an interval which contains N pulses, the Pulse Repetition Rate is (N-1) divided by the time from the first to last pulse.
Detailed descriptions and values for these parameters are included in the appendices for specific models of CEW.
Test Equipment
Introduction
The equipment required for the electrical testing is listed in this section.
Calibration
All test equipment must be calibrated yearly to national standards.
Data Acquisition and Storage System
Minimum resolution of 1% of the maximum specified voltage (Section 10 of Appendices) Minimum bandwidth of 10 MHz and sampling rate of 10 MSamples/s or sufficient to achieve at least 1% maximum voltage sampling error as per good engineering practice. The test set up should be mounted on an insulating surface to ensure protection of the test staff from electrical discharge.
Note 1: A mechanical/electrical system equivalent to a spent cartridge may be used. If so, it must include a housing designed to firmly hold the weapon and expose it to equivalent electrical connections and spark gap as would be seen with a spent cartridge. o connect the high voltage probe across the test load. AND/OR o place the current probe around the appropriate lead from the weapon to the load. Connect the probe leads to the Data Acquisition System Prepare the weapon for test by stabilizing it with a spent cartridge. (Note 1, Note 2) Set up the weapon in the test jig or similar apparatus to allow hands-off support.
General Procedure
Test
Connect the weapon across the test load. (Note 3) Pull the trigger on the weapon to initiate the burst. Allow the weapon to fire for the full duration of the burst. Verify that all data has been acquired and stored. Fire the weapon two more times and record the data. (Note 4) Verify data has been acquired and stored. Identify the data records with the serial number of the weapon under test.
Note 2: Repeated use of the spent cartridge will result in build up of deposits due to arcing. Inspect and clean the cartridge regularly.
Note 3:
We consider the test loads recommended by TASER International (600 Ohm for the X26 and 500 Ohm for the M26) to be an adequate model of the impedance load of the body. These CEWs behave largely as a current source and have relatively little variation in charge with load. Savard et al 3 , found a variation of approximately 25% from the average current across loads below 1000 Ohm. Such variation may be accounted for by the safety factor Note 4: The full procedure with three weapon firings is meant to collect additional data for future data mining. This should be used for acceptance testing and regularly scheduled maintenance testing. For users wishing to conduct daily testing, only two firings are required in order to determine weapon compliance with manufacturer's specifications.
Data Analysis
Data Analysis Software
Tests may be run most efficiently with data analysis software. (Note 5) 6.2 Parameters averaged over the last second of the burst The software will determine the following from pulses that fit into the last second of the burst during the first firing of the weapon: The analysis software will determine the following for each pulse in each of the three firings of the weapon:
Monophasic Charge Total Charge
CEWs with Monophasic Charge for any individual pulse in excess of the value listed in the corresponding appendix should be declared Out of Tolerance (Note 7).
Parameter Statistics over the burst
The software should calculate and store, for each of the seven parameters listed (Pulse Repetition Rate, Peak Voltage, Peak Current, Net Charge, Pulse Duration, Monophasic Charge and Total Charge) the value for each pulse for each firing.
In addition, the maximum, minimum and average of each parameter for all pulses in each of the three firings should be calculated and stored. Note that the average pulse repetition rate is the pulse repetition rate for the burst length, and not the average of the pulse repetition rates for each pulse in the burst.
Note 5: An implementation of the analysis software has been created by Carleton University. This software may be used in the analysis of the stored data. It is available under an opensource license from Dr. Andy Adler, Systems and Computer Engineering, Carleton University.
Note 6: If a weapon performs out of tolerance, replacement of the batteries or Digital Power Module may bring the weapon to within expected performance. Note that for some weapons, introduction of a new DPM may introduce new operating software, which will create an essentially new configuration for the weapon. This procedure should only be carried out if prior agreement on this policy has been established with the owner of the weapon and, in any event, a complete test series should be repeated on the new weapon/power system combination and reported as a separate test with a separate test report.
Note 7:
There is no specification which applies exactly to the waveforms of complex CEW discharges. In our opinion, the most relevant specification is that of IEC TS 60479 Part 2 (Section 11) which considers the "effects of unidirectional single impulse currents of short durations" (0.1 ms and above). This section of the specification defines curves based on the "probability of fibrillation risk for current flowing through the body from the left hand to both feet". We base our calculation on the "C1 curve" which is defined as "no risk of fibrillation". For a 0.1 ms pulse, this is equivalent to a 710 µC charge 2 . To account for differences in body size and placement of stimulation electrodes, we recommend an additional safety factor of four be imposed, so the maximum allowable value for any individual stimulating pulse would be the value listed in the corresponding appendix for specific models of CEW. Since CEW waveforms are not unidirectional, two possible parameters may be compared to the IEC 60479-2 based threshold: 1) Total Charge, or 2) Monophasic Charge. Total Charge is a more conservative measure, however, Monophasic Charge may be justified based on physiological models such as Reilly et al 4 . Based on our understanding of the current literature, Monophasic Charge is the appropriate measure. We note that our recommendations are relevant to the waveforms of the TASER M26 and X26 (Appendices A and B), and that this comparison of Monophasic Charge based on IEC 60479-2 may not be appropriate for other CEW waveforms.
Note 8: Additional performance requirements may be added to this test procedure as medical knowledge and/or data mining on collected test data indicates a scientific basis for such requirements. The implementer of this procedure should ensure that the most recent version of the test procedure is being used. The following report format is presented as a sample which shows all of the relevant information collected during testing. Comments in Line 7 could include, for example, notes on the operation of the CEW display or on its general appearance or on obvious discrepancies in the operation of the device itself.
Conducted Energy Weapon Test Report
Date:
Weapon: (mftr and model) Serial Number: 
Data Protection
If an electronic report is used, care should be taken to electronically protect the data from corruption. Digital signatures or encryption may be employed. 
Acknowledgements
A.1 Introduction
This appendix gives details of the waveform, definitions and specifications for the parameters of interest for the TASER M26.
A.2 Pulse Waveform
The TASER M26 pulse consists of a damped oscillation with a 17 s time constant. The initial half sinusoid is known as the "Strike Phase" as shown in Figure A1 . The pulses are delivered in a burst as shown in Figure A2 . The burst consists of about 75 pulses over 5 seconds, at the rate of 15 pulses per second if an alkaline battery is used. The burst has 100 pulses at the rate of 20 pulses per second if a NiMH battery is used. 
A.3 Parameters of Interest
Information is derived primarily from the Strike Phase, since this is the pulse that captures the motor neuron. It is 10 µs long, and delivers about 100 µC of charge in a single direction, whereas the remainder of the pulse delivers about 100 µC spread over 40 µs in alternating negative and positive directions.
Some plots show the Strike Phase above the axis, some show it below the axis ( Figure A3 ). This is merely a question of how the load is connected to the scope. Either orientation of the pulse shows the same thing.
FIGURE A3: M26 PULSE INVERSIONS
Parameters of individual M26 pulses will be calculated as shown in Figure A4 to Figure A8 . These describe, respectively, -peak voltage (strike phase) -peak current (strike phase) -net charge (strike phase) -pulse duration (full pulse), -pulse repetition rate -Monophasic Charge 
A.9 Specifications
Advanced TASER TM M26 Electronic Control Device Specification Version 2.0, released February 6, 2009 (which may be found at http://ecdlaw.info/, search for "M26 specifications"). This document contains the following electrical specifications. Two other specifications, Strike Phase Duration and Full Pulse Net Charge are also listed in the specification, but are not included here. The values listed are taken to be sufficient for the purpose of characterizing a device.
The TI specifications call the beginning of the pulse the "Main Phase". For the purpose of this testing and reporting, this nomenclature has been changed to "Strike Phase" in order to avoid confusion with the Main Phase of the X26 pulse.
The "Strike Phase" is both the arc-creating and current-delivering phase in the M26; the remainder of the pulse could be termed the "Decay Phase", as it represents the pulse decay in the form of a damped sinusoid.
It is noted in the TASER documentation in part as follows:
output specifications were derived from a 500 Ω resistive load output specifications may vary depending on temperature, battery charge, and load characteristics.
Pulse rate specifications at room temperature. Temperatures below 32 F (0 C) can significantly reduce the pulse rate.
A.10 Test Details
These test details are required in order to determine whether the init under test is operating within manufacturer's specifications. Additional test data such as maximum, minimum and average for each parameter from all pulses over all three firings should also be reported. The maximum of the absolute values of A and B, where A = the integral of all positive current in a pulse and B = the integral of all negative current in a pulse.
< 180 µC
-TASER International TASER M26 Specifications have been applied. -Load resistor is 500 Ω non-inductive high voltage pulse-tolerant -Peak current specs calculated from peak voltage: e.g. 13.8 A = 6900 V/500 -Use expended cartridge for the tests; check contacts when changed to next test unit o Sparks jump across additional gaps when this part of the device is installed o This simulates the actual conditions of deployment -Carry out tests on a non-conductive surface -Minimum digitizer resolution 75 V (corresponding to 1% of the maximum specified peak voltage) -Raw trace data to be retained to permit further post-test analysis.
-Uncertainty calculations for instrumentation setup, as per IEC/ISO 98-3:2008 Guide to the Expression of Uncertainty in Measurement (GUM). * Monophasic Charge is not part of TASER International Specifications
A.11 Sample Test Data
Test data to be measured/calculated during a typical test are as follows: 
B.3 Parameters of Interest
Information is derived primarily from the main phase, where most of the pulse energy resides. The main phase delivers about 100 µC of charge, whereas the arc phase has only 10 µC. The purpose of the arc phase is to create an arc to allow efficient delivery of current during the main phase
The arc phase has a faster rise time and a higher peak than seen on many oscilloscopes, because of integrating effects in voltage and current probes. For this reason, measurements of the peak voltage, peak current and charge of the arc phase may be in error.
Parameters of individual X26 pulses are calculated as shown in Figure B4 to Figure B8 . These describe, respectively,
-peak voltage (main phase) -peak current (main phase) -net charge (main phase) -pulse duration (full pulse), -pulse repetition rate, -Monophasic Charge -Total Charge output specifications were derived from a 600 Ω resistive load output specifications may vary depending on temperature, battery charge and load characteristics Pulse rate specifications are at room temperature. Temperatures below 32°F (0 C) can significantly reduce the pulse rate
B.10 Test Details
These test details are required in order to determine whether the init under test is operating within specifications. Additional test data such as maximum, minimum and average for each parameter from all pulses over all three firings should also be reported. The maximum of the absolute values of A and B, where A = the integral of all positive current in a pulse and B = the integral of all negative current in a pulse.
< 180 µC -TASER International TASER X26 Specifications have been applied.
-Load resistor is 600 Ω non-inductive -Peak current specs calculated from peak voltage: e.g. 2.3 A = 1400 V/ 600 -Use expended cartridge for the tests; check contacts when changed to next test unit o Sparks jump across additional gaps when this part of the device is installed o This simulates the actual conditions of deployment -Carry out tests on a non-conductive surface -Minimum digitizer resolution 25 V (corresponding to 1% of the maximum peak voltage) -Note the remaining battery capacity and software revision from the digital display.
Inserting a fresh battery pack will update the unit with the latest revision software. 
